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(54) A contour approximation apparatus tar representing a contour of an object 



(57) A contour approximation apparatus for repre- 
senting a contour Image of en object comprises a polyg- 
onal approximation section for determiring a number of 
vertices on the contour image and fitting the contour 
Image with a plurality of line segments to provide a 
polygonal approximation of tie contour Image, a sam- 
pling circuit tor providing N cample points tor each of tfie 
line segments, an error detector for calculating an error 



for each d the N sample points on each of the line seg- 
ments to produce a set of errors tar each of the line seg- 
ments, a discrete sine transform and quantization block 
fix transforming set of errors into a eel of discrete 
sine transform coefficients, and for converting tha sal of 
discrete sine iraneform coefficients Into a sal of quan- 
tized transform coefficients. 
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DdsorlpUon 

Field of the Invention 

The press nt Invention relates to a contour approxi- 
mation apparatus for us© In a video signal encoder ; and, 
more particularly, to a contour approximation apparatus 
for reconstructing a contour of an object 

PiacrtpBQnoTtha Prior An 

In digital television systems such as video-tele - 
phone, teleconference and high definition television 
systems, a large amount of digital data la needed to 
dellne each video frame signal since a video line signal 
In Ihe video frame signal corrprlsss a sequence of dig- 
ital dale referred b as pixel values. Since, however the 
available frequency bandwidth of a conventional trans- 
mission channel !b llmtled, In order to transmit ihe sub- 
stantial amount of digital dab therethrough, H Is 
inevitable to compress or reduce the volume of data 
through the use ol various data compression tech- 
niques, especially, in the case of such low bit-rate video 
signal encoder as vidao-telaphone and teleconference 
system, 

One of such methods for encoding video signals for 
a lew bit-fate encoding system is the so-called object- 
oriented analysis-synthesis ooding techniquefeaa 
Michael Hotter, "Object Oriented Analyela-Syntheala 
Coding Based on Moving TVra-Dlmenslonal Objecta", 
Signal Processing: Image Comminication 2, 409- 
428(1990)). 

According to the object-oriented analysls-aynthaala 
coding technique, an Input video Image la divided Into 
objects; and three sets of parameters for defining the 
motion, contour and pixel data of each object are proc- 
essed ihrough d liferent encoding channels. 

Specifically, In processing a contour Image of an 
object, contour Information Is Important for Hie analysis 
and synthesis of the object shape. The classical ooding 
method for representing the contour information is the 
chain coding. The chain ooding method, however, 
requires a substantial emoum of bits for the representa- 
tion thereof although there Is no losa In the contour 
information. 

In tfiis regard, there have been proposed several 
methods to qpprcximaie contours such as polygonal 
approximation end B-spIlne approximation, etc. One of 
the disadvantages In the polygonal approximation Is the 
rough representation of the contour image. The B-epline 
approximation is, on the other hand, capable of repre- 
senting the contour image more precisely; however, it 
requires high-order polynomials to reduce approxima- 
tion errors, thereby Increasing the overall computational 
complexity of the video encoder. 



Summary of the Invention 

H is, Iherefore, a primary object of the invention to 
provide a novel oontour approximation apparatus by 

e employing a polygonal approximation and discrete alna 
tnansformfDST}. thereby providing a representation of 
an contour image with an increased accuracy and a 
reduced overall correlational complexity. 

In accordance with the Invention, there Is provided 

jq a contour approximation apparalua, for uaa In a video 
signal encoder, lor representing a contour Image of an 
object, which comprises: means lor determining a 
number of vertices on the contour image; means for fit- 
ting the contour Image with a plurality of line segments 

» to provide a polygonal approximation of the contour 
Image, eech of the line segments Joining two neighbor- 
ing vertices; means for providing (M sample points for 
each of the line segments, said N sample points being 
equl-epaoad on each of the Una segments; means for 

sq calculating an error for each of the N sample points on 
each of Ihe line segments to produce a set of errors for 
each of the line segments, each of the errors of the set 
representing the distance between said each of the N 
sample points and the contour Image; means for con- 

& verting each set of errors Into a set of discrete sine 
transform coefficients; and means for generating the set 
<H discrete sine transform coefficients into a set of quan- 
tized transform coefficients. 

w Brief P«crlgtlgno1 the Drawings 

The above and other objects and features of the 
present Invention will become apparent from Ihe follow- 
ing description ol preferred embodiments given In con- 
m Junction with the aocampanylng *ewlngs> In which: 

Fig.1 depicts a Uock diagram of the inventive con- 
tour approximation apparatus for representing a 
contour Image; 

to Figs. 2 A to 2C Illustrate an exemplary polygonal 
approximation process of the contour image; and 
Figs. 3A and 3B show exemplary diagrams, each of 
which representing error a b el ween e line segment 
Joining two vertices and Its corresponding contour 

45 image. 

BaailflJ Bmaiatiflad Ha Easuad EmMmanB 

Referring to Fig. t, there Is shown a block diagram 
00 d Ihe inventive oontour approximation apparatus for 
representing a oontour image of an object expressed in 
a video signal. 

The oontour Image data represent! ng the oontour of 
an oto)ect Is fed to a polygonal approximation section 
m 1 00 and an error detector 300. At the polygonal approx- 
imation section 100, the contour image ia approximated 
by a polygonal approximation technique. The polygonal 
approximation of the object shape la achieved through 
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the use of a conventional approximation algorithm for lil- 
ting the contour image by line segments. 

Referring to Figs. 2A to 20. there ie illustrated a 
segmentation process for an exemplary contoir image 
10 seconding to the polygonal approximation technique, 

First, two starting vertices are selected, If the con- 
tour image is ol an open loop, two end points, e.g., A 
and B as shown in Fig. 2k, are selected as the starting 
VBrtcaa. On the oilier hand, If ihe oontour Image la In 
the form of a cloeed loop, two farthest points on the oon- 
tour are selected as the starting vertices. And then, Hie 
farthesl poinrl on the contour from a line segment AS is 
deter mined. K the distance D„,„ between the. farthest 
point, &g., c, and the line segment AB la greater than a 
predetermined threshold value, the point C becomes a 
vertex. This procedure Is repeated unlll said D mHX lor 
each segment becomes smaller than the predeter- 
mined threshold value. 

The number of vertices depends on ihe predeter- 
mined threshold value. As can be seen from Figs. 2A to 
2C, the reprasentalion of the contour image by line seg- 
ments becomes more accurate with a smaller predeter- 
mined threshold value at the expense of coding 
efficiency. 

Referring back to Fig. t, vertex Information repre- 
senting the positions of the determined vertices, e.g., A, 
B> 0, D and E, d ihe cortcvf image io is provided front 
the polygonal approximation section 1 oo to a sampling 
circuit 200 and e oontour coder 500. The sampling cir- 
cuit 200 provides N sample points tor each line segment 
to the error detector 300, the N sample points being 
equi-epaced on each line segment between two verti- 
ces with N being an Integer. Based on the vertex Infor- 
mation from the sampling circuit 200 and the contour 
Image data, the error detector S00 calculates an 
approximation error al each of the N sample points on 
each line segment and provides the errors to a discrete 
elgn transfer m(D ST) and quantization block 400. The 
approximation errors represent the distances between a 
line segment Joining two vertices and the contour seg- 
ment between the Iwo vertices. 

Figs. 3A and 8B illustrate exemplary diagrams rep- 
resenting errors between line segments and corre- 
sponding contour segments, wherein Fig. 8A depicts 
errors between the line segment AD and its correspond- 
ing contour segment and Fig. SB shows errors between 
the line segment DC and its corresponding contour seg- 
ment. Each of the errors dl to d4 or d1 1 to d4' represent e 
thedlstance from each sample point s1 to s4 on the line 
segment AD or s1 ' to e4* on the line segment DC to Ihe 
corresponding contour segment. As can be seen in 
Figs. 3A and SB, the approximation errons for the verti- 
ces are all "zeros". For all the vertices ere positioned on 
the contour. 

The errors calculated by the error detector 300 are 
supplied to the DST and quantization block 400 for gen- 
erating quantized DBT ooetllclents. TTie DST and quan- 
tization block 400 performs ona-dlmenslonal DBT 
operation on each set ct errors to produce aeetci DST 



coefficients, errors for each sel including errors for N 
sarnie points and two vertices of each line segment; 
and quantiiee the set of DST coefficients to provide a 
eat of quantized D8T coefficients corresponding to each 

5 line segment to the contour coder 500 for further 
processing. 

At the contour coder 500, each set of the quantized 
DST coefficients is encoded, e g , by using the binary 
arithmetic coda of JPEG(JoInt Photographic Experts 

70 Group) , while the vertex Information from the polygonal 
approximation section TOO Is encoded by using. e,g„ a 
fixed length code without compression since the verti- 
ces are sparsely correlated. The encoded dlgita! signal 
comprising the encoded quantized DST coefficients and 

75 tha vertac Information Is transmitted to a transmitter for 
Ihe transmission thereof. 

While the present invention has been described 
with reference to the particular embodiments* it will be 
apparent to those skilled In ihe art that various changes 

bo and modifications may be made without departing from 
the spirit and scope of the invention as defined in the fol- 
lowing claim. 

Claims 

1. A contour approximation apparatus, for use in a 
video signal encoder, for representing a contour 
image of an object, which comprises: 

90 means for determining a number of vertices on 

the oontour image; 

means for fining the contour image with a plu- 
rality of line segments 1o provide a polygonal 
approximation of tha contour Image, each of 

6 the line segments joining two neighboring verti- 
ces: 

means tor providing N sample points for each 
of the line segments, said N sample points 
being equl-spaced on each of tha line seg- 

40 merits; 

means for calculating an error for each of the N 
sample points on each of the line segments to 
produce a set of errors for each of tha line seg- 
ments, each of Ihe errors or the set represent- 

43 ing 1he distance between said each of the N 

sample points and the contour image; 
means for transforming each est of errcrc into a 
set of discrete aine transform coefficients; and 
means tor converting the set of discrete sine 

so transform coefficients into a sel of quantized 

transform coefficients. 
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